Introduction
Natural organic matter (NOM) in source waters may react with chlorine to form a series of disinfection by-products (DBPs) during disinfection. Trihalomethanes (THMs) and haloacetic acids (HAAs), the major DBPs, are established to be mutagens, carcinogens and toxicants [1] [2] [3] . For the concerns on public health risks, the water treatment plants have to optimize treatment processes or adopt new technology to meet the balance between disinfection and DBPs.
Ozone is the strongest, fastest-acting oxidant of the disinfectants [4] and it has been considered an alternative disinfectant. It had been reported that ozonation can reduce DBP formation potential (DBPFP) [5] [6] [7] . Yet, the opposite result had also been observed [8] [9] [10] .
Most of the former studies were carried out in lab-scale or pilot-scale and few studies were available regarding the removal of DBPFP in full-scale plants. Furthermore, very little research had been conducted on the comparison of the DBP formation after prechlorination or preozonation.
This full-scale research presented goes beyond previous studies and was carried out in a water supply plant. The primary aim of this study was to compare the treatment efficacy of preozonation and prechlorination, in terms of concentration changes of DOC, UV 254 , SUVA and subsequent minimization of DBPFP from the source water in North China.
Materials and methods
Source water characterization. In this full-scale study, raw water was from the Luan River. In winter, the water is characterized by low temperature and turbidity.
Treatment processes. This study was carried out in a water supply plant in Tianjin. The processes were preoxidation (preozonation or prechlorination), coagulation, clarification, filtration and final disinfection, presented in Fig. 1 . About 1.0 mg/L of ozone or chlorine were added during preoxidation. The contact time was controlled at three minutes [11] . 
Results and discussion
Raw water characteristics. In the raw water, turbidity was 7.02 -17.9 NTU, temperature was 4 -14 ℃, pH was 8.03, UV 254 was 0.059 cm -1 , DOC was 2.89 mg/L, SUVA was 2.44 L/(mg·m) [11] . The distribution of haloacetic acid species formation potential (HAASFP) in the raw waters is shown in Table 1 . DCAA formation potential was the predominant HAA compound, which accounted for 60.75% of HAASFP. Since no MCAA and MBAA were detected in raw water, DBAA and TCAA accounted for the other 20.70% and 18.55%, respectively.
Reduction of HAAFP in different treatment processes. HAAs are a major group of DBPs in chlorinated water [12] . HAAFP along the treatment processes are presented in Fig.2 . Comparison of the HAAFP decreases indicated that preozonation had a better and more stable reduction of HAAFP. 33.25% of HAAFP was removed from raw water during preozonation, while 30.77% of HAAFP during prechlorination. In the final effluents, greater decomposition of HAAFP was detected in Train 2 with a removal rate of 67.79%, comparing to a decrease of 58.38% in Train 1. The HAAFP concentrations were between 38.95 and 106.07μg/L in six effluent samples. 
Fig. 2 HAAFP concentration changes along treatment processes
Further study on the distribution of HAASFP was carried out and five species of HAAs were also investigated. Since no MCAA and MBAA were detected in both treatment trains, the formation of other species (DBAA, TCAA and DCAA) are shown in fig. 3 . After chlorination, 16.80% of DCAA, 49.04% of TCAA and 60.69% of DBAA were removed from raw water, while 21.52%, 66.20% and 42.59% were removed during preozonation, respectively, which suggested that ozone was more effective to reduce DCAA and TCAA than chlorine.
In final effluents, the total removal rates for DCAA, TCAA and DBAA in Train 1 were 49.75%, 81.95% and 61.11%, separately. Better reduction of HAASFP were achieved in Train 2, 53.45% of DCAA, 98.70% of TCAA and 86.56% of DBAA were removed, respectively. Moreover, DCAA was the major HAA specie in the two treatment trains. The results suggested that ozone changed the structures of NOM during preozonation and HAA precursors were removed by the treatment processes. Fig.3 The distribution of HAASFP along treatment processes a)Train 1 with prechlorination, b) Train 2 with preozonation. Comparing the reduction of THMFP [11] and HAAFP in the two treatment trains, the results indicated that HAAFP was removed better from raw water. Furthermore, preozonation was more effective at reducing HAAFP than THMFP in the period of this study, which showed a better removal of HAAs precursor materials during preozonation. The total removal rates also suggested a greater decomposition of HAAFP than THMFP, which may relate with the reduction of DBPFP during preoxidation. Since HAAFP values were higher than THMFP in raw waters and the health risk of HAAs is also higher than THMs, the removal of HAAFP was of great significance and the water quality had a great promotion.
Conclusions
From the examination of HAAs in the Luan River water, we can find that DCAA was the major HAASFP, while no MCAA and MBAA were detected from the raw water.
Under a similar dosage of chlorine and ozone, preozonation performed better in the decrease of HAAFP than prechlorination, leading to a significant reduction of HAAFP. Approximately 68% of HAAFP in the raw water was removed after the Train 2 treatment.
Overall assessment of the results indicated that Train 2 treatment with preozonation was more effective in the removal of HAAs. The application of preozonation is an effective method for reducing DBP precursors in drinking water treatment. The introduction of preozonation in source waters treatment in China is feasible and it would be a substitute for prechlorination.
